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(57) ABSTRACT 

A device comprising a resonator formed of a piezoelectric 
layer sandwiched between two metal electrodes, the reso 
nator being laid on a suspended beam, the device comprising 
means for deforming said beam by the difference in thermal 
expansion coef?cients. 

20 Claims, 1 Drawing Sheet 

I. 



May 2, 2006 US 7,038,355 B2 U.S. Patent 



US 7,038,355 B2 
1 

TUNABLE MICRORESONATOR ON AN 
INSULATING BEAM DEFORMABLE BY THE 
DIFFERENCE IN THERMAL EXPANSION 

COEFFICIENTS 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to the ?eld of piezoelectric 
microresonators. 

2. Discussion of the Related Art 

A piezoelectric microresonator conventionally comprises 
a piezoelectric layer sandwiched betWeen tWo conductive 
electrodes. Such a microresonator is likely to start resonat 
ing When the signal applied betWeen its electrodes is at a 
determined frequency. 

Apart from any external in?uence, the resonance fre 
quency of a microresonator is set upon manufacturing, 
especially according to the thickness and to the nature of the 
piezoelectric layer. NoW, for many circuits such as settable 
analog ?lters, it is desirable to be able to vary the resonance 
frequency of microresonators. 

SUMMARY OF THE INVENTION 

An object of the present invention is to provide a tunable 
microresonator. 

To achieve this object, the present invention provides a 
device comprising a resonator formed of a piezoelectric 
layer sandWiched betWeen tWo metal electrodes, the reso 
nator being laid on a suspended beam, the device comprising 
means for deforming said beam by the difference in thermal 
expansion coef?cients. 

According to an alternative of the device of the present 
invention, the means for deforming the beam comprise 
heating elements and one or several blocks in contact With 
the beam, the blocks being formed of a material having a 
thermal expansion coe?icient different from that of the 
beam. 

According to an alternative of the above-mentioned 
device, the heating elements are placed Within the beam. 

According to an alternative of the device of the present 
invention, electrodes are placed in the beam opposite to 
other electrodes external to the beam, the electrodes being 
connected to a voltage source capable of biasing the elec 
trodes to maintain the beam deformation. 

According to an alternative of the above-mentioned 
device, the beam is placed above a cavity formed in a 
substrate, the external electrodes being placed in the cavity. 
The present invention also provides an integrated circuit 

comprising a resonator such as that described hereabove. 

The foregoing objects, features, and advantages of the 
present invention Will be discussed in detail in the folloWing 
non-limiting description of speci?c embodiments in connec 
tion With the accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a cross-section vieW of an embodiment of the 
device of the present invention at rest; 

FIG. 2 is a cross-section vieW of the device of the present 
invention in a “deformed” state; and 

FIG. 3 is a top vieW of the device of the present invention. 
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2 
DETAILED DESCRIPTION OF THE 

INVENTION 

The various draWings are not draWn to scale but are draWn 
to make clear various features of the invention. 
The device of the present invention, shoWn in FIGS. 1 and 

2, comprises a resonator I laid on a beam 2 suspended on its 
tWo ends. Resonator 1 is formed of a stack of thin layers and 
comprises a piezoelectric layer 3 sandWiched betWeen tWo 
conductive electrodes 4 and 5. Other materials that are Well 
knoWn in the industry could also be used for each of the 
layers 3, 4 and 5. Piezoelectric layer 3 is for example formed 
of aluminum nitride AlN and the electrodes are for example 
formed of aluminum, molybdenum, or platinum. Beam 2 is 
a thin strip of an insulating material, acceptable materials 
being any semiconductor insulator such as silicon nitride 
(SiN), silicon dioxide, a glass, TEOS, or other layer. Beam 
2 is suspended above a cavity 10 formed in a substrate 11. 
The ends of beam 2 are laid on substrate 11 on either side of 
cavity 10. 
As illustrated in FIG. 3, in top vieW, the lateral edges of 

beam 2 are spaced apart from the edges of cavity 10. 
Substrate 11 may be formed of any type of material. In the 

case Where the device of the present invention belongs to an 
integrated circuit, substrate 11 may be the passivation layer 
covering the interconnect netWork circuit or be the insulat 
ing layer separating the last and the penultimate circuit 
interconnect levels. In the case Where the device is a discrete 
component, substrate 11 may be a silicon semiconductor 
Wafer or an insulating layer, for example, silicon oxide, laid 
on a support Wafer, for example, silicon. 

According to an aspect of the present invention, the 
device comprises means for deforming beam 2 by the 
difference in thermal expansion coef?cients. Resonator 1 
being laid on the resonator beam, a deformation of beam 2 
results in a deformation of the resonator. NoW, the resonance 
frequency varies according to the deformation of resonator 
1. 

In the example of the device shoWn in FIGS. 1 and 2, 
metal blocks 20 and 21 are laid on beam 2. Resonator 1 is 
placed at the center of the portion of beam 2 located above 
cavity 10. Blocks 20 and 21 are placed on either side of 
resonator 1. Heating resistors 22 and 23 are placed under 
blocks 20 and 21 Within beam 2. Heating resistors 22 and 23 
are for example formed of a titanium nitride layer TiN and 
are supplied via connections not shoWn. Process steps for 
forming a cavity under a suspended beam having the com 
ponents as shoWn in FIGS. 1-3 are Well knoWn in the art and 
thus are not described herein since any of the many knoWn 
Ways are acceptable. 

To best diffuse the heat generated by the heating resistors 
in beam 2 to metal blocks 20 and 21, the heating resistors 
preferably have in top vieW a Width close to the beam Width 
and extend over the entire beam area located under blocks 20 
and 21. Further, the heat generated by heating resistors 22 
and 23 being proportional to their resistance, their thickness 
can be reduced to a minimum. 

To sWitch from the resting state to the deformed state, 
such as respectively illustrated in FIGS. 1 and 2, an activa 
tion circuit, not shoWn, conducts current into heating resis 
tors 22 and 23, Which results in heating blocks 20 and 21 and 
beam 2. Since the aluminum of blocks 20 and 21 has an 
expansion coef?cient greater than the silicon nitride of beam 
2, blocks 20 and 21 lengthen more than beam 2. Accord 
ingly, the beam ends slightly bulge upWards and the central 
portion of the beam bends doWnWards. During the defor 
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mation of beam 2, microresonator 1 laid on beam 2 pro 
gressively bends, its ends curving upwards. 

In one embodiment, the beam 2 is ?at across the cavity 10; 
in another embodiment, the beam 1 is formed With a slightly 
upWard curve, as shoWn in FIG. 1. To have a great latitude 
of deformation of beam 2, and thus of resonator 1, beam 2 
may have at rest a shape slightly bulged upWards, as shoWn 
in FIG. 1. 

Generally, blocks 20 and 21 laid on beam 2 must be 
formed of a material having a thermal expansion coef?cient 
different from that of beam 2 so that the block and beam 
assembly tWists as the temperature increases. In the case 
Where metal blocks 20 and 21 have a smaller thermal 
expansion coe?icient than that of beam 2, it may be provided 
to place the blocks under beam 2. 

Since the resonator’s resonance frequency varies accord 
ing to its deformation, the activation circuit may set the 
resonator’s resonance frequency to different values by con 
ducting a stronger or lighter control current into heating 
resistors 22 and 23 to more or less deform resonator 1. 
Further, the activation circuit may comprise a control device 
capable of determining the current resonance frequency of 
the resonator and of modifying the intensity of the control 
current to adjust, if necessary, the resonance frequency to 
exactly have a desired value. 

To maintain the beam deformation, and thus the resonator, 
Without consuming too high a current in heating resistors 22 
and 23, the present invention provides, optionally, placing 
internal electrodes 30 and 31 into beam 2, and placing 
external electrodes 32 and 33 at the bottom of cavity 10 
opposite to internal electrodes 30 and 31. Once the beam has 
been deformed under the action of the difference in thermal 
expansion coef?cients, it is possible to maintain the defor 
mation by electrostatic attraction by applying a voltage 
betWeen internal electrodes 30/31 and external electrodes 
32/33, these various electrodes being associated With con 
nection means, not shoWn. 

Internal electrodes 30 and 31 are for example formed of 
a thin titanium nitride layer (TiN) like heating elements 22 
and 23. External electrodes 32 and 33 may be made of 
aluminum, copper, an alloy of aluminum and copper, or even 
gold, Which has the advantage of not oxidiZing in the air. 
External electrodes 32 and 33 may be portions of one of the 
upper or of the last interconnect level of an integrated circuit 
or a separate metal layer. 
As a non-limiting example, the dimensions of the different 

elements of the device of the present invention are the 
folloWing: 

thickness of the resonator electrodes: 0.1 pm 
thickness of the resonator’s pieZoelectric layer: 2 pm 
resonator Width/length: 150 by 150 um 
beam thickness: 2 pm 
beam Width/length: 200 by 500 um 
aluminum block thickness: 2 um 
thickness of the titanium/aluminum heating resistors: 0.5 
pm 

Width/length of the heating resistors: 200 by 200 um2 
thickness of the internal titanium nitride/aluminum inter 

nal electrodes: 0.5 pm 
thickness of the external gold electrodes: 1 um 
depth of the cavity: 10 um 
With such a device, it is for example possible to vary the 

resonance frequency of the resonator by several MHZ (for a 
resonator centered on 2 GHZ). 
A device according to the present invention comprises 

lines of access, not shoWn, to electrodes 4 and 5 of 
microresonator 1. Such access lines are for example placed 
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4 
on beam 2. To connect upper electrode 5 of the resonator to 
an access line located on the beam, the device comprises, for 
example, a thin pieZoelectric strip laid on beam 2 and 
juxtaposed to pieZoelectric layer 3. The upper electrode 
extends in a thin conductive strip located above the thin 
pieZoelectric strip. An insulated conductive via crossing the 
thin pieZoelectric strip enables connecting the thin conduc 
tive strip to an access line placed on the beam. 

Similarly, the device comprises lines of access to heating 
resistors 22 and 23 and to internal electrodes 30 and 31. Such 
access lines may be metal areas placed in, on, or under beam 
2. 
The resonator electrodes, heating resistors 22 and 23, 

internal electrodes 30 and 31, and external electrodes 32 and 
33 may be connected to connection pads or to elements of 
an integrated circuit. 

In the case Where the device is a discrete component, the 
connection pads may be formed on the rear surface of 
substrate 11, the front surface being that Where the resonator 
is formed. 

Whether the device is a discrete component or belongs to 
an integrated circuit, the various above-mentioned elements 
may be connected to a netWork of connections placed under 
the substrate or to a rear surface connection pad via vias 
formed in the substrate and possibly vias formed in the beam 
in the case Where the elements are placed on the beam. 

In the case Where the device of the present invention 
belongs to an integrated circuit, external electrodes 32 and 
33 may be portions of the last interconnect level. The 
external electrodes are then directly connected to the inter 
connect netWork of the circuit. 
Of course, the present invention is likely to have various 

alterations, modi?cations, and improvements Which Will 
readily occur to those skilled in the art. In particular, those 
skilled in the art Will devise other devices of beam defor 
mation by the difference in thermal expansion coef?cients. 
Expandable elements having an expansion coef?cient dif 
ferent from that of the beam may be placed around, under 
or/ and on the beam. The expandable elements may possibly 
be separated from the beam by a dielectric layer. The heating 
resistors may be placed on the beam or on the expandable 
elements. 

Such alterations, modi?cations, and improvements are 
intended to be part of this disclosure, and are intended to be 
Within the spirit and the scope of the present invention. 
Accordingly, the foregoing description is by Way of example 
only and is not intended to be limiting. The present invention 
is limited only as de?ned in the folloWing claims and the 
equivalents thereto. 
What is claimed is: 
1. A device comprising: 
a resonator formed of a pieZoelectric layer sandWiched 

betWeen tWo metal electrodes, the resonator being laid 
on a suspended beam, and 

means for deforming said beam by a difference in thermal 
expansion coef?cients. 

2. The device of claim 1, Wherein the means for deform 
ing the beam comprise heating elements and one or several 
blocks in contact With the beam, the blocks being formed of 
a material having a thermal expansion coef?cient different 
from that of the beam. 

3. The device of claim 2, Wherein the heating elements are 
placed Within the beam. 

4. The device of claim 1, Wherein electrodes are placed in 
the beam opposite to other electrodes external to the beam, 
the electrodes being connected to a voltage source capable 
of biasing the electrodes to maintain the beam deformation. 
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5. The device of claim 4, wherein the beam is placed 
above a cavity formed in a substrate, the external electrodes 
being placed in the cavity. 

6. An integrated circuit comprising the device of claim 1. 
7. A device, comprising: 
a deformable bridge; 
a resonator positioned on said bridge, said resonator 

having a pieZoelectric layer and ?rst and second elec 
trodes coupled to the pieZoelectric layer; 

a thermally responsive material mechanically coupled to 
said bridge, the thermally responsive material having a 
thermal expansion coef?cient that is different from the 
bridge’s thermal expansion coef?cient; and 

a heating element positioned adjacent to the thermally 
responsive material, Wherein the thermally responsive 
material is structured to expand in a manner that 
deforms the bridge When the thermally responsive 
material is heated by the heating element. 

8. The device according to claim 7 Wherein the thermally 
responsive material is a metal. 

9. The device according to claim 7 Wherein the thermally 
responsive material is an aluminum-based material. 

10. The device according to claim 7, further including: 
a cavity positioned under the bridge. 
11. The device according to claim 7 Wherein the bridge is 

composed of silicon nitride. 
12. The device according to claim 7 Wherein the thermally 

responsive material is positioned on an upper surface of said 
bridge and has a larger thermal coefficient of expansion than 
said bridge, thereby causing a central region of the bridge to 
bend doWnWard When the device is heated. 

13. The device of claim 7, Wherein the heating element is 
placed Within the bridge. 

14. The device of claim 7, further comprising: 
a third electrode positioned in the bridge; 
a fourth electrode position external to the bridge and 

opposite to the third electrode; and 
a voltage source connected to the third and fourth elec 

trodes and structured to apply a voltage betWeen the 
third and fourth electrodes in a manner that maintains 
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the bridge in a deformed state by electrostatic attraction 
betWeen the third and fourth electrodes. 

15. The device of claim 14, Wherein the bridge is placed 
above a cavity formed in a substrate, the fourth electrode 
being placed in the cavity. 

16. A device, comprising: 
a pieZoelectric resonator having a pieZoelectric layer 

positioned betWeen ?rst and second electrodes; 
a deformable suspension beam suspended across a cavity, 

the resonator being supported by the suspension beam 
and positioned above the cavity; 

an expandable element mechanically coupled to said 
bridge, the expandable element having a thermal 
expansion coefficient that is different from a thermal 
expansion coef?cient of the suspension beam; and 

a heating element positioned adjacent to the expandable 
element, Wherein the expandable element is structured 
to expand in a manner that deforms the suspension 
beam When the expandable element is heated by the 
heating element. 

17. The device of claim 16 Wherein the expandable 
element is positioned on an upper surface of the suspension 
beam and has a larger thermal coefficient of expansion than 
said bridge, thereby causing a central region of the bridge to 
bend doWnWard When the expandable element is heated. 

18. The device of claim 16, Wherein the heating element 
is placed Within the suspension beam. 

19. The device of claim 16, further comprising: 
a third electrode positioned in the suspension beam; 
a fourth electrode position external to the suspension 
beam and opposite to the third electrode; and 

a voltage source connected to the third and fourth elec 
trodes and structured to apply a voltage betWeen the 
third and fourth electrodes in a manner that maintains 
the suspension beam in a deformed state by electro 
static attraction betWeen the third and fourth electrodes. 

20. The device of claim 19, Wherein the fourth electrode 
being placed in the cavity. 

* * * * * 


